200 


Straight Members 


Hence, the required formula for a bar of uniform cross section is 


A L = 


i_R_ 
2 E 


(19.10) 


This method of obtaining the formula was selected to merely check Eq. (19.8) by 
reducing it to a standard expression. Equation (19.10) could have been derived 
much more simply by starting with a bar of uniform cross section. The reader 
should follow the development of Eq. (19.8) as a matter of exercise in order to re¬ 
call the potential mathematical complications that arise with closed-form solutions 
whenever a straight-line taper is involved. This is universally true in simpler as well 
as more advanced stress analysis problems, including, for instance, the analysis of 
a conical shell. Whenever possible, then, the taper should be represented by some 
approximate mathematical function, and considerable engineering judgment should 
be exercised in avoiding undue complications. There are many practical design sit¬ 
uations under which the stress and elongation of structural members due to their 
own weight become of great importance. 


Design Problem 19.2 

Two long wires, made of aluminum and bronze, are suspended vertically. Calculate the 
length and the corresponding elongation of both wires for which the elastic limit of the ma¬ 
terial is not exceeded. The elastic limit and density of bronze are 8000 psi and 0.31 lb/in. 3 , 
respectively. The corresponding values for wrought aluminum are assumed here as 7000 psi 
and 0.098 lb/in. 3 . The relevant moduli of elasticity are 13 X 10 6 psi and 10 X 10 6 psi, 
respectively. 


Solution 

From Eq. (19.6), 

c 8000 

L = — = —= 25,800 in. = 2150 ft (655.32 m) for bronze 
7 0.31 

L = = 71,400 in. = 5950 ft (1813.56 m) for aluminum 

u.uys 


Equations (19.6) and (19.10) give 


A L = 


27 E 


8000 X 8000 
2 x 0.31 x 13 x 10 6 


7.9 in. (200.66 mm) for bronze 


and 


A L = 


7000 X 7000 


2 x 0.098 X 10 X 10 6 


= 25 in. (635 mm) for aluminum 


Design Problem 19.3 

A string of steel piping intended for downhole emplacement consists of a 200-ft length 
of approximately 4.5 in. mean radius and 0.45 in. wall thickness with a 400-ft section of 



